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Abstract 
Channel catfish Ictalurus punctatus are commonly found throughout the Mississippi 
River basin and support commercial and recreational fisheries in many large river 
systems. Understanding population demographics as well as movement patterns and 
habitat usage can provide a more holistic approach to species management and 
conservation. Within a 1 6-km stretch of the lower Wabash River, 27 channel catfish 
were implanted with acoustic transmitters to monitor fine scale movement and habitat use 
from September 20 1 4  through April 20 1 6. Channel catfish were located using active 
tracking during two types of tracking events. Site tracking occurred only during daylight 
hours and diel tracking monitored fish over a 24-h period. Channel catfish movements 
were measured from diel tracking locations as minimum displacement (m) or shortest 
linear distance between consecutive fish locations. Environmental factors such as 
seasonality, time of day, temperature, and water level were assessed to determine their 
influence on diel movement patterns and habitat use. During diel tracking, channel 
catfish exhibited greatest displacement in fall and decreased displacement in spring. 
Displacement was greatest at night across all four seasons with diurnal displacement 
greater in fall than winter and spring. Channel catfish activity increased with decreasing 
temperatures, while gauge height had no effect on movement. During the day channel 
catfish were located closer to the bank than the main channel and were most commonly 
found along banks composed of rip rap. Habitat use of channel catfish within a 24-hour 
period varied seasonally with locations most often occurring near rip rap banks in fall and 
spring, sand banks in winter, and clay banks in summer. Although difficult to infer direct 
relationships between abiotic factors and fine scale movement and habitat use patterns, 
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channel catfish within the lower Wabash River appear to be altering their behavior to 
mitigate the effects of changing environmental conditions. 
4 
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Introduction 
Movement and habitat selection are essential processes required for riverine fishes 
to complete their complex life cycles (Schlosser 1 99 1 ; Schlosser and Angermeier 1 995 ;  
Fausch et al . 2002) . To fulfill resource needs, lotic fishes must find food and refugia to 
promote growth and development, suitable spawning habitats, and in north-temperate 
systems, areas of favorable conditions to cope with seasonal changes in the aquatic 
environment (Schlosser 1 99 1 ) . Factors influencing these movements can range from 
landscape-level land use practices like agriculture and channelization, which alter the 
flow regime, nutrient loading, and connectivity of systems, to fine scale mesohabitat 
features including temperature, velocity, and substrate (Schlosser 1 99 1 ; Matthews 1 998 ;  
Albanese et al . 2004) . Specific life history requirements coupled with the unstable 
environmental regimes and often degraded habitats of river ecosystems has challenged 
researchers to better understand movement patterns and habitat usage of commercially 
and recreationally exploited sport fish populations. 
Channel catfish Ictalurus punctatus are commonly found throughout the 
Mississippi River basin and support commercial and recreational fisheries in many large 
river systems of the Midwest (Scott and Crossman 1973; Pflieger 1997, Michaletz and 
Dillard 1999; U.S .  Fish and Wildlife Service 2011). As a result of their economic and 
recreational value, lotic channel catfish have been extensively studied to assess their 
population demographics and the effects of harvest on abundance and age structure (e.g. 
Pitlo 1 997; Hubert 1 999; Colombo 2007; Donabauer 2009; Willenberg et al . 20 1 0; 
McCain et al. 20 1 1 ) .  Although monitoring population demographics is essential to 
ensuring the long-term persistence and sustainability of channel catfish fisheries, 
12 
understanding movement patterns and habitat use can provide a more holistic approach to 
species management and conservation. 
Much like population studies, channel catfish movement and habitat research is 
pervasive throughout the literature, but results are often vague or conflicting with 
apparent gaps in coverage. Although many assessments have been conducted in riverine 
systems, the majority of research has occurred in dammed or channelized reaches 
(Newcomb 1 989 ;  Pellet et al . 1 998 ;  Fago 1 999;  Wendel and Kelsch 1 999; Phelps et al . 
201 1 )  or impoundments (Fischer et al. 1 999; Timmons 1 999) suggesting a need to 
examine fine-scale movements and habitat usage in free flowing waterways. 
Movement of channel catfish within these systems is variable and many studies 
have focused on coarse scale analyses (Newcomb 1 989; Pellet et al. 1 998 ;  Pugh and 
Schramm 1 999; Timmons 1 999; Donabauer 2009) . Channel catfish have been described 
as being highly mobile with movements reaching nearly 400 km (Hawkinson 1 983 ;  
Gerhardt 1 989) to somewhat sedentary staying near the site of  capture (± 8 km; 
Donabauer 2009) . The persistence of populations is often dependent on these large-scale 
movements, which can allow for gene flow, migration between habitats during different 
life history stages, as well as the colonization of unoccupied habitats (Brown and Kodric­
Brown 1 977 ;  Peterson and Bayley 1 993 ; Schlosser and Angermeier 1 995) . 
Coarse-scale studies can elucidate range of movement and general habitat usage 
but often lack the resolution to assess fine-scale or diel patterns, which can determine 
how channel catfish utilize mesohabitats. Fine-scale movements of channel catfish have 
been observed to be greatest at night with periods of diurnal activity varying seasonally 
(Fischer et al. 1 999). Mesohabitat usage and observational studies in several river 
13 
systems commonly found adult channel catfish in areas with low velocity, woody debris 
or man-made structures (e.g. , rip rap, revetments, or wing dams), gravel substrates, and 
shallow to moderate depths (Hubert 1 999; Kelsch and Wendel 2004; Miranda and 
Killgore 20 1 1 ;  Braun and Phelps 20 1 6) .  Understanding seasonal diel movement patterns 
may provide greater detail regarding daily resource and habitat requirements. 
Habitat use can vary annually with channel catfish making seasonal migrations to 
occupy overwintering areas in fall, spawning grounds in spring, and feeding areas in 
summer (Newcomb 1 989; Pellet et al . 1 998; Fago 1 999; Hubert 1 999; Wendel and 
Kelsch 1 999; Butler and Wahl 20 1 1 ) .  Additionally, channel catfish have been observed 
in main channel habitats in winter and tributaries or side channels in spring and summer 
(Newcomb 1 989; Pellet et al. 1 998) .  By understanding seasonal habitat associations, 
management actions can ensure that local habitats fulfill channel catfish life history needs 
while also providing conservation benefits to other biota. 
In this study, I sought to assess fine-scale movements and habitat use of channel 
catfish in an unimpounded reach of the Wabash River. I tested environmental factors 
such as seasonality, time of day, temperature, and water level to determine their influence 
on diel movement patterns and related these to the ecological implications of habitat 
association. Using both diurnal and 24-hour tracking data, I assessed movement and 
habitat usage patterns to determine if: 1 )  movements and habitat use varied in relation to 
season and time period (i .e . ,  day vs. night) and 2) channel catfish locations were 
associated with specific habitat types. Establishing quantitative connections between 
movement, habitat use, and environmental conditions could guide more effective 
conservation strategies for declining or imperiled channel catfish populations should such 
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efforts become necessary. Assessing movement patterns of channel catfish will also 
allow managers to determine at what scale these fish are best managed as well as identify 
critical habitats to maintain sustainable, healthy, and economically productive fisheries. 
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Methods 
Study site 
The Wabash River flows for 764 km originating in western Ohio, flowing west 
across Indiana, forming the Illinois-Indiana border, until reaching its confluence with the 
Ohio River (Gammon 1 998; Skibsted 20 1 2; Figure I.A) .  No impoundments exist after 
river kilometer (rkm) 662, making the lower reach of the Wabash River the longest free­
flowing section of river east of the Mississippi River (Gammon 1 998) .  The lack of 
restrictive structures makes the Wabash River an ideal system to study fish movement 
because fish are able to move without being impeded by anthropogenic barriers. 
I monitored channel catfish movement and habitat use within a 1 6-km stretch of 
the lower Wabash River with the primary access point located at the New Harmony, 
Indiana (rkm 67 .59) boat ramp (Figure 1 .B) . The New Harmony site extends 
approximately 13 km upstream and 3 km downstream of the boat ramp and was selected 
based on consistent accessibility throughout the year. 
Fish tagging 
From September 2014 to October 2015, channel catfish were collected using 
pulsed DC electrofishing (60 Hz) and bank poles. All fish were caught within a subset of 
the study site extending approximately 2 km upstream and 1 km downstream of the New 
Harmony, Indiana boat ramp because I caught no individuals of taggable size outside this 
area (Figure l .C) .  Channel catfish were surgically implanted with acoustic transmitters 
(tags; coded CT-82-2-I, 69 kHz, 6 gram weight, battery life.of 1 4  months, Sonotronics, 
Tucson, Arizona) using a free-floating method (Summerfelt and Mosier 1 984; Winter 
16 
1 996; Holbrook et al. 20 1 2) with tag mass weighing no more than 2% of an individual's 
body weight (Winter 1 996;  Bridger and Booth 2003) .  Tagged channel catfish were also 
fitted with a T-bar anchor tag (Floy Tag Inc. ,  Seattle, Washington) for external 
identification. Prior to surgery, individuals caught on bank poles as well as those that had 
fully recovered from electrofishing as indicated by no loss of equilibrium, no muscle 
tetanus, and increased swimming activity were anesthetized using electrosedation. To 
adequately sedate fish for surgical procedures, I subjected fish to 45-80-V, 60-Hz, and 
25% duty cycle applied for 2-5 seconds to achieve stage-four anesthesia (electronarcosis; 
Summerfelt and Smith 1 990), as determined by prior trials. 
Fish tracking 
Tagged channel catfish were located using manual (active) tracking (USR-08 
Ultrasonic Receiver, TH-2 towed omnidirectional hydrophone, Sonotronics, Tucson, 
Arizona) with tracking events being classified into one of two categories, site or diel 
tracking. During site tracking, the entire 1 6-km study site was traveresed beginning at 
the most northern boundary with the purpose of locating as many fish as possible within 
the study site during a single tracking event. Site tracking occurred only during daylight 
hours. Diel tracking included both diurnal (sunrise to sunset) and nocturnal (sunset to 
sunrise) periods with one to four individuals being located every hour for a consecutive 
24-h period. 
A submersible directional hydrophone (DH-4, Sonotronics, Tucson, Arizona) was 
used to locate channel catfish. Channel catfish locations were determined when the gain 
was less than or equal to 1 0  on the USR-08 ,  the tag signal loudest in all directions (360°) , 
17 
and the unique tag identification number appeared on the USR-08 screen. Locations 
were documented using a GPS unit, and water depth (m; Lowrance ®), water temperature 
(°C), and substrate type (clay, sand, or rip rap) of the nearest bank were recorded at each 
location. Tags were field tested during every tracking event to determine detection range, 
which varied between 1 0-50 m depending on water conditions. All tracking events 
occurred when the river was at or below action stage (i.e. 3 m or less) . 
Analyses 
All channel catfish locations were mapped in QGIS 2 . 8 .2 .  Channel catfish 
movements were measured from diel tracking locations as minimum displacement (m) or 
shortest linear distance between consecutive fish locations (Rogers and White 2007). To 
calculate the minimum displacement per hour (MDPH; Rogers and White 2007) the 
distance between consecutive locations for each individual was divided by the minutes 
between locations and then multiplied by 60 minutes. Displacement data were loge 
transformed to account for increasing variance associated with increases in distance 
moved (Jones and Rogers 1 998 ;  Rogers 1 998) .  Linear mixed model ANOVAs using 
Satterthwaite approximations were used to determine if season (fall: September­
November; winter: December-February; spring: March-May; summer: June-August) and 
time period (day: sunrise-sunset; night: sunset-sunrise) had a significant effect on channel 
catfish movement with individual fish set as a random effect. Similar models were used 
to assess the influence of environmental variables such as water temperature (0C) and 
gauge height (m; USGS) on channel catfish movement. 
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Habitat use was determined in QGIS using a Microsoft ® Bing aerial basemap 
verified with field observations to measure the shortest linear distance (m) from a fish 
location to the nearest bank. Shortest linear distance to nearest clay bank, rip rap bank, 
and sand bank was also measured. All measurements were natural loge. Analysis of 
daytime habitat use included locations from site tracking as well as the first location of an 
individual during diel tracking. A random point generator was used to place an equal 
number of random points as actual daytime locations within the reach where all fish were 
located (Figure l .C). Diurnal habitat association was assessed using a one-way ANOV A 
to determine whether channel catfish locations deviated significantly from random points . 
To assess the influence of depth (m) and velocity (mis; Hach ®) on daytime 
habitat use, the 3 km study site where all fish were located was divided in to 2 1  transects 
with 1 1  points per transect. At each point depth and velocity were recorded and used to 
create a depth and velocity map in QGIS.  A Fisher's Exact Test was used to determine if 
channel catfish locations differed in their distribution, related to depth and velocity, 
compared to the randomly generated locations. 
In addition to the diurnal habitat association analyses, channel catfish habitat use 
during the 24-hour period was also assessed using all fish locations from diel tracking. 
Habitat use was assessed as the proportion of channel catfish locations closest to a clay, 
rip rap, or sand bank compared across all four seasons, both time periods (day and night) , 
and with season and time period combined. A Pearson's Chi-Square Test was used to 
account for large table comparisons and determine if seasonality and time of day 
influenced habitat associations. Since these analyses include multiple observations of 
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individual fish within a 24-hour period, they are not completely independent and should 
be considered where fish were located rather than habitat selection. 
20 
Results 
From September 2014 to October 2015, 27 channel catfish (TL range = 420-653 
mm; mean± SE = 497.7 ± 8.77 mm) were implanted with acoustic tags. Tagged channel 
catfish were tracked from October 2014 through April 2016. Of the 27 tagged 
individuals 16 (59%) fish were located at least once for a total of 460 observations. All 
channel catfish locations occurred within the same three km section of river where all fish 
were caught (Figure l .C) .  
Movement 
Diel tracking was conducted three times in fall, two times in winter, once in 
spring, and once in summer. During the six diel tracking events, 11 fish were located and 
five of those individuals were tracked on more than one occasion. Hourly displacement 
ranged from 0 -446.3 m (mean = 33.06 ± 2.9 m) with individuals exhibiting significantly 
lower displacement in spring compared to fall (F 3, 166.8 = 3.363, R2 = 0.160; p < 0.001; 
Figure 2). Channel catfish displacement was greater at night (mean = 40.5 ± 4.8 m) than 
during the day (mean = 24.1±2.5 m; F 1 ,  368.8 = 5.976, R2 = 0.141, p = 0.013; Figure 3). 
Diurnal displacement was greater in fall than in winter (F 18, 355 = 4.3 1 7, R2 = 0. 180, p = 
0.007) and spring (F is, 355 = 4.317, R2 = 0.180, p = 0.007; Figure 3). Nocturnal 
displacement did not differ across all four seasons (Fis,355 = 4.153, R2 = 0.180, p = 0.603; 
Figure 4). No significant interaction was detected between seasonality and time of day 
(F 3, 361.07 = 1.167, R2 = 0.180, p = 0.322). 
Along with seasonal and diurnal differences, displacement varied in relation to 
environmental conditions. Mean water temperature for each season was 15 .3 °C in fall, 
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4. 1 °C in winter, 20.2°C in spring, and 25.6°C in summer. Channel catfish hourly 
displacement increased significantly with decreasing water temperature (F1 , 67. 18 = 1 3 .0 1 ,  
R2 = 0 . 1 48 ,  p < 0 .00 1 ;  Figure 5) .  In contrast, I found no significant effect o f  gauge height 
on hourly displacement (F 1,42. 1s = 0 .2 1 1 ,  R2 = 0 . 148 ,  p = 0 .648 ; Figure 6) .  
Daytime habitat use 
Daytime locations of channel catfish showed significant habitat association when 
compared to random locations. Channel catfish were located significantly closer to shore 
(mean = 22 . 8  ± 2 .5  m; F 1 ,  1 34 = 1 8 . 1 7, R2 = 0. 1 1 9, p < 0 .00 1 )  particularly when bank 
substrate was composed of rip rap (mean = 79. 1 ±22.3 m; F 1, 1 34 = 85 . 1 9, R2 = 0 .3 89, p < 
0 .00 1 ; Figures 7 and 8) .  I did not observe any difference in the proximity of channel 
catfish locations to clay banks (F 1 ,  1 34 = 0 .540, R2 = -0 .003 , p = 0.463) or sand banks (F 1, 
1 34 = 0 .379, R2 = -0 .005, p = 0 .539) .  Depth seemed to have a significant influence on 
channel catfish locations (p = 0 .04 1 )  but velocity did not (p = 0 .054; Figures 9 - 1 1 ) .  
24-hour habitat use 
Habitat use of channel catfish observed over a 24-h period varied seasonally and 
diurnally. Channel catfish locations were dependent on seasonality (X2 = 1 5 1 . 8 ;  p < 
0.00 1 )  with the majority of locations closest to rip rap banks in fall (68 .3%) and spring 
(79. 8%), sand banks in winter (53 - .0%), and clay banks in summer (63 .0%; Figure 1 2) .  
Time of day (X2 = 1 7 .4; p < 0 .00 1 )  also influenced channel catfish habitat association 
with locations being closest to rip rap banks during both diurnal (67.9%) and nocturnal 
(50 .2%) periods (Figure 1 3) .  I observed similar patterns when I compared the proximity 
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of channel catfish locations to the nearest bank type during the day and at night within 
each season (X2= 1 86.2;  p < 0 .00 1 ;  Figure 1 4) .  During site and diel tracking, most of the 
channel catfish locations occurred in the main channel with the exception of a few 
individuals that were located in tributaries or backwater areas during periods of high flow 
(gauge height;::: 3 m). 
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Discussion 
In north-temperate rivers, fluctuations in the aquatic environment as a result of 
seasonal changes, diurnal periods, and environmental conditions can affect how fish 
move within lotic systems (Schlosser 1 99 1  ), and seem to be influencing fine-scale 
movement patterns and habitat use of channel catfish within the lower Wabash River. 
Seasonal changes in movement patterns may reflect different stages in channel catfish life 
history (Hubert 1 999). Channel catfish exhibited greatest displacement in fall and lowest 
displacement in spring. Other data have indicated increased movement of channel catfish 
in spring, but the scale of these studies was relatively coarse, often looking at overall 
range of movement (Dames et al . 1 989 ;  Newcomb 1 989;  Coon and Dames 1 99 1 ; Butler 
and Wahl 20 1 1 ) .  These movements also occurred during migrations from overwintering 
habitats to spring spawning grounds (Newcomb 1 989 ;  Peters et al . 1 992; Pellet et al . 
1 998) ,  which may suggest that essential resources are available within the New Harmony 
study site to fulfill different life history stages of channel catfish. 
In my study channel catfish were most active at night, which is consistent with other 
research and is often associated with feeding behavior (Fischer et al. 1 999; Graham and 
DeiSanti 1 999). Channel catfish moved the greatest distances per hour most notably at 
night during the winter. Since fish are poikilothermic many species exhibit decreased 
movement in winter as a result of slower metabolic rates (Snedden et al. 1 999; Bramblett 
and White 200 1 )  rather than increasing their movements with decreasing water 
temperature. Increased movement in colder temperatures may indicate enough food is 
available within this portion of the Wabash River to allow channel catfish to expend more 
energy while foraging and that colder water temperatures do not inhibit channel catfish 
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movement. A study conducted in the Missouri River suggested that an increase in 
seemingly random movements in summer may correspond with searching for more 
abundant food sources (Hesse et al . 1 982) .  Although assessing total range of movement, 
channel catfish overwintering in the Lower Wisconsin River and Mississippi River were 
fairly active moving 0 - 1 39 .8  km (Fago 1 999) . Greater activity in colder temperatures 
could also indicate a direct movement to a food source. Many of these nocturnal, winter 
movements that I observed occurred on or along low-velocity, shallow sand bars, which 
could function as foraging habitat. Fish do not waste energy making needless movements 
(Rogers and White 2007) , which suggests channel catfish may increase activity in colder 
temperatures to search for more favorable food sources or climatic conditions. 
Daytime channel catfish locations were associated with a variety of habitat 
characteristics. Channel catfish were located closer to the bank than the main channel 
and were most commonly found along banks composed of rip rap. In the Mississippi 
River, channel catfish were most abundant in dike fields and along main channel edges 
and decreased in abundance as distance from shore increased (Miranda and Killgore 
201 1 ) .  Similarly, channel catfish in the Fox River selected rocky bed materials (Butler 
and Wahl 20 1 1 ) ,  which provide spawning habitat as well as a food source, often 
supporting a higher abundance ofmacroinvertebrates (Marzolf 1 957; Chutter 1 969; 
Brusven and Prather 1 974; Gerhardt and Hubert 1 990; Winter 1 999). Channel catfish 
were more frequently associated with moderate to shallow depths, supporting research 
from previous reports (Kelsch and Wendel 2004, Butler and Wahl 2011 ; Braun and 
Phelps 20 1 6). Although not a significant relationship, channel catfish, especially those 
located near rip rap banks, were often found in areas of high flow (0.6  - 0.9 mis) contrary 
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to other studies, which suggest low-velocity (<0.5 m/s) pools and runs are preferred 
(Kelsch and Wendel 2004, Butler and Wahl 20 1 1  ). The energetic costs of occupying 
high velocity habitats may be offset by an abundant macroinvertebrate forage base, cover 
provided by large interstitial spaces, and an increased ability of adult channel catfish to 
more effectively handle faster flow than juveniles (Hubert 1 999; McCain et al . 20 1 1 ;  
Miranda and Killgore 20 1 1  ) .  
Much like movement patterns, habitat use by fish i s  rarely random with variation 
in distribution often reflecting seasonal changes or different life history stages (Schlosser 
1 99 1  ) .  Proximity of channel catfish to clay, rip rap, and sand banks within a 24-h period 
varied seasonally and between diurnal and nocturnal time periods. In rivers channel 
catfish prefer coarse substrate and man-made rock structures such as rip rap (Marzolf 
1 957; Gerhardt and Hubert 1 990; Hubert 1 999; Butler and Wahl 20 1 1 ) .  Within the lower 
Wabash River, channel catfish were located near rip rap in all four seasons and both time 
periods, with the highest proportions occurring in fall and spring as well as during the day 
and at night. Decreased movement in spring, with the majority of locations occurring 
near rip rap, could be an indication that fish were using these areas as spawning habitat 
(Marzolf 1 957; Gerhardt and Hubert 1 990;  Hubert 1 999) .  The presence of rip rap, which 
is commonly used in riverine systems for bank stabilization, does not seem to negatively 
affect channel catfish distribution and may be implemented to provide suitable habitat 
should lotic populations require conservation action. 
Along with using rip rap, channel catfish also utilized clay and sand banks 
throughout the year. Channel catfish were found near clay banks across all seasons and 
time periods, with the majority oflocations occurring in summer. The majority of 
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locations near clay banks in summer may be the result of a small sample size. Of the 
three individuals monitored during the single summer diel tracking event, one channel 
catfish remained in a backwater area composed entirely of clay during the 24-h period 
resulting in approximately one third of the locations occurring near clay banks. Although 
these locations may have skewed summer mesohabitat use, they may imply macrohabitat 
use under certain environmental conditions. During both site and diel tracking when the 
New Harmony, Indiana gauge height was near action stage (:'.'.'.: 3m; USGS), multiple 
individuals were observed to use backwater areas or tributaries containing clay substrate. 
These side channels that are only accessible during periods of high water and discharge 
may serve as refugia by providing preferred low velocity and shallow habitat conditions 
outside of the main channel (Kelsch and Wendel 2004, Butler and Wahl 20 1 1 ;  Braun and 
Phelps 20 1 6) .  
During 24-h tracking, channel catfish were located along sand bars in fall and winter 
but not in spring and summer. Few studies have commented on channel catfish using 
sand bar habitats because other substrate types such as gravel or coarse rock seem to be 
preferred (Miranda and Killgore 201 1 ) .  Many of the channel catfish locations near sand 
bars occurred in winter in conjunction with periods of increased activity, which may 
coincide with feeding events. Although sand bars do not provide diverse 
macroinvertebrate assemblages, they could provide opportunities for piscivory by 
supporting prey fish species such as gizzard shad Dotosoma cepedianum (Larimore and 
Smith 1 963) .  Utilizing sand bar habitats in winter to consume fish may provide enough 
energy to offset the cost of searching for food in colder temperatures. 
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Contrary to previous studies (Gerhardt and Hubert 1 990; Kelsch and Wendel 2004), I 
rarely observed channel catfish using woody cover during both site and diel tracking. 
However, a lack of availability within the study site may have limited utilization. Since 
the lower Wabash River is unimpounded, substantial water level fluctuations occur 
throughout the year, which directly influences how much woody debris is deposited and 
removed from the system. Channel catfish in turbid systems, such as the Wabash River 
(Gammon 1 998),  may not use cover as much as in clearer waters (Jackson 1 995) 
potentially contributing to the lack of observed use.  The presence of rip rap as well as 
back water areas may provide enough refugia and negate the dependence of channel 
catfish on woody cover within this stretch of river. 
Understanding how fish interact with their environment through movement and 
habitat usage is critical to appropriately manage and conserve important commercial and 
sport fish species like channel catfish. Although difficult to infer direct relationships 
between abiotic factors and fine scale movement and habitat use patterns, channel catfish 
within this stretch of river appear to be altering their behavior to mitigate the effects of 
changing environmental conditions. Within the Wabash River study site, channel catfish 
appear to have enough resources available to complete annual life history events without 
moving expansive distances, which could provide baseline information on channel catfish 
resource needs in riverine systems. Although observations from this study were 
consistent with previous research, channel catfish in other systems may respond 
differently to available habitats and environmental conditions and should be managed on 
an individual population basis. 
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Even though I observed diel and seasonal movement and habitat use patterns, the 
sample size for this study was fairly small and these relationships could be made more 
robust with continued research and monitoring. Future research assessing the 
relationship between habitat use and survival� growth, and reproduction of channel 
catfish could determine how populations respond to habitat modification. Assessing the 
food base present in different habitats or including diet studies would provide more 
insight as to why channel catfish are selecting habitat types. Continued research on the 
fine scale movement and habitat use of channel catfish, especially those that are 
commercially and recreationally harvested, will ensure the long term sustainability of 
these important river fisheries. 
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Figure 1 .  - (A.)  Map showing the Wabash River with the white circle indicating the New 
Harmony, Indiana boat ramp. (B.)  The reach of river containing the 1 6-km study site 
beginning at Grayville, Illinois and extending 3 km south of the New Harmony, Indiana 
boat ramp. (C .) The 3 km reach where all fish were caught for tagging as well as located 
during tracking from September 20 1 4  to April 20 1 6. 
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Figure 2. - Loge transformation of mean minimum displacement per hour (m) of channel 
catfish tracked for 24-hour intervals (diel tracking) at the New Harmony study site within 
the Wabash River across all four seasons plotted as the least squares means (LS-means). 
Channel catfish displacement was lower in spring than fall (F3, 166.8 = 3 .363 ,  R2 = 0. 1 60 ;  p 
< 0.00 1 ) .  
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Figure 3 .  - Loge transformation of mean minimum displacement per hour (m) of channel 
catfish tracked for 24-hour intervals (diel tracking) at the New Harmony study site within 
the Wabash River between diurnal (sunrise-sunset) and nocturnal (sunset-sunrise) time 
periods plotted as the least squares means (LS-means). Channel catfish displacement was 
greater at night than during the day (F 1 . 368.8 = 5.976, R2 = 0. 1 4 1 , p = 0.0 1 3). 
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Figure 4. - Loge transformation of mean minimum displacement per hour (m) of channel 
catfish tracked for 24-hour intervals (diel tracking) at the New Harmony study site within 
the Wabash River plotted as the least squares means (LS-means). Post hoc tests 
determined channel catfish exhibited significantly greater diurnal displacement in fall 
compared to daytime displacement in winter (F 1 8 , 355 = 4.3 1 7, R2 = 0. 1 80, p = 0.007) and 
spring (F 1 8 , 355 = 4.3 1 7, R2 = 0. 1 80,  p = 0.007). Overall, displaceme�t was greater at 
night than during the day (F 1 , 368 .8 = 5 .976, R2 = 0. 1 4 1 ,  p = 0.0 1 3). 
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Figure 5 .  - Loge transformation of mean minimum displacement per hour (m) of channel 
catfish tracked for 24-hour intervals (diel tracking) at the New Harmony study site within 
the Wabash River compared to mean water temperature (0C) .  The regression line 
represents the line of best fit calculated from predicted values. Channel catfish exhibited 
significantly greater displacement with decreasing water temperature (F r , 67. 18 = 1 3 .0 1 ,  R2 
= 0. 1 48 ,  p < 0 .00 1 ) . 
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Figure 6 .  - Loge transformation of mean minimum displacement per hour (m) of channel 
catfish tracked for 24-hour intervals (diel tracking) at the New Harmony study site within 
the Wabash River compared to the mean gauge height (m). Gauge height did not have a 
significant effect on channel catfish displacement (F 1 , 42. 1 s  = 0.2 1 1 ,  R2 = 0. 148 ,  p = 
0 .648) .  
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Figure 7 .  - Channel catfish site tracking locations and the first location during diel 
tracking at the New Harmony study site within the Wabash River. The majority of 
locations were closest (m) to rip rap banks. 
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Figure 8. - Loge transformation of the mean distance (m) of channel catfish locations to 
the nearest bank and nearest bank type compared to the natural log transformation of the 
mean distance (m) of random points to the nearest bank and nearest bank type at the New 
Harmony study site within the Wabash River. Channel catfish were located significantly 
closer to shore (F 1 ,  1 34 = 1 8. 1 7, R2 = 0. 1 1 9, p < 0 .00 1 )  and rip rap (F 1 ,  1 34 = 85. 1 9, R2 = 
0.3 89, p < 0.00 1 )  than random points. (* * *) indicates significant differences (p < 0 .00 1 )  
between the distance o f  channel catfish to shore compared to random points. 
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Figure 9. - Depth (A. ; m) and velocity (B . ;  mis) profiles within the 3 km reach where all 
fish were caught for tagging as well as located during tracking from September 20 14 to 
April 20 1 6. Depth and velocity were measured on August 2, 20 1 6  when the gauge height 
was 1 .46 m. 
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Figure 1 0. - Proportion of channel catfish locations compared to random locations 
associated with five depth measurement categories (0 .0  - 2 .0 m; 2 .0  - 4.0 m; 4 .0 - 6 .0 m; 
6 .0 - 8.0 m;  8 .0 - 1 0 .0+ m) at the New Harmony study site within the Wabash River. 
The depth measurements where channel catfish were located differed significantly from 
the depth measurements ofrandom locations (p = 0 .04 1 ) .  Depth was measured on 
August 2, 20 1 6  when the gauge height was 1 .46 m.  
47 
r 
0 
,..... 
5 0.. 
0 :..... 
c... 
1 .0 
0 . 8  
0 . 6  
0.4 
0.2 
Channel Catfish Random 
Point Locations 
C:::::J 0 . 0  - 0.3  mis 
1-: '., �, I 0 .3  - 0.6 rn/s 
1�,�\"'�1 0 . 6  - 0.9+ mis 
Figure 1 1 . - Proportion of channel catfish locations compared to random locations 
associated with three velocity measurement categories (0 .0 - 3.0 mis; 3.0 - 6.0 mis; 6.0 -
9 .0+ mis) at the New Harmony study site within the Wabash River. The velocity 
measurements of where channel catfish were located did not differ significantly from the 
velocity measurements of random locations (p = 0.054). Velocity was measured on 
August 2, 20 1 6  when the gauge height was 1 .46 m. 
48 
1 .0 
0. 8 
c: 0.6  
0 
i"" 
0 
0... 
0 :... 
0.. 0 .4 
0.2 
n = 1 80 n = 83 n =  89 n = 54 
Fall  Winter Spring Summer · 
Season 
1� ";;f';;', '11 Clay 
- Rip Rap 
� Sand 
Figure 1 2 . - Proportion of channel catfish locations found closest (m) to a certain bank 
type at the New Harmony study site within the Wabash River across all four seasons. In 
fall seven channel catfish were located with two individuals tracked on more than one 
occasion for a total of 1 80 observations . In winter five channel catfish were located for a 
total of 83 observations. In spring four channel catfish were located for a total of 89 
observations. In summer three channel catfish were located for a total of 54 observations 
(n total = 406). Channel catfish locations were dependent on seasonality (X2 = 1 5 1 . 8 ;  p < 
0 .00 1 ) . 
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Figure 1 3 .  - Proportion of channel catfish locations found closest (m) to a certain bank 
type at the New Harmony study site within the Wabash River between diurnal (sunrise-
sunset) and nocturnal (sunset-sunrise) time periods. A total of 1 1  channel catfish were 
located within each time period with 1 93 locations observed from sunrise-sunset and 2 1 3  
locations observed from sunset-sunrise (n total = 406) . Channel catfish locations were 
dependent on time of day (X2 = 1 7 .4; p < 0 .00 1 ) .  
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Figure 14 .  - Proportion of channel catfish locations found closest (m) to a certain bank 
type at the New Harmony study site within the Wabash River between diurnal (D = 
sunrise-sunset) and nocturnal (N = sunset-sunrise) time periods across all four seasons. 
In fall seven channel catfish were located with two individuals tracked on more than one 
occasion for a total of 1 80 observations . In winter five channel catfish were located for a 
total of 83 observations . In spring four channel catfish were located for a total of 89 
observations. In summer three channel catfish were located for a total of 54 observations 
(n total = 406) . Channel catfish locations were dependent on season and time of day (X2 
= 1 86 .2 ;  p < 0 .00 1 ) . 
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Appendix B :  Tagged Channel Catfish in the Wabash River 
2014 - 2016 
Date Tagged Tag Floy 1L w .  
1 9/ 1 1/2014 1320.456 40679 5 10  1020 
2 9/ 1 1/2014 1342.434 40680 458 860 
3 9/ 1 1/2014 1324.452 40682 5 15  1030 
4 9/ 1 1/2014 1344.432 40683 526 1286 
5 9/ 1 1/2014 1340.436 40684 491 872 
6 9/ 1 1/2014 1356.420 40685 485 905 
7 9/ 1 1/2014 1338.438 40687 506 1025 
8 9/ 1 1/2014 1348.428 40693 532 1223 
9 9/ 1 1/2014 1358.4 18  40697 534 1 1 16 
10 9/ 1 1/2014 1526.250 40698 475 977 
1 1  9/ 19/2014 1346.430 3061 1 509 1 196 
12 9/ 19/2014 1346.430 30614 441 816  
13  9/ 19/2014 1352.424 30615 452 702 
14 9/ 19/2014 1332.444 3061 8 486 1026 
15  5/ 13/2015  1334.442 3 158 1  526 1277 
16 5/ 13/2015  1284.492 3 1 582 501 1 145 
17 5/ 13/2015  1292.484 3 1 583 436 746 
18  5/ 13/2015 1350.426 3 1 584 501 1 159 
19 5/ 13/2015  1328.448 3 1585 653 3512 
20 5/ 13/2015  1326.450 3 1586 487 957 
21 5/ 13/2015  1354.422 3 1588 420 752 
22 5/ 13/2015  1280.496 3 1 590 458 820 
23 5/ 13/2015  1294.482 3 1591  462 832 
24 5/ 13/2015 1322.454 3 1592 513  1 199 
25 10/2/201 5  1268.508 32099 487 1092 
26 10/22/2015  1288.488 3 1783 560 1772 
27 10/22/2015  1232.544 31 784 5 15  1268 
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Appendix C :  3 km reach of the lower Wabash River where all channel catfish 
locations occurred 
2014 - 2016 
N 0 250 500 750 1000 m 
A I 
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Appendix D: Diel locations of Channel Catfish in the lower Wabash River 
2014 - 2016 
N A 0 2SO SOO I I 
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Appendix E:  Site locations of Channel Catfish in the lower Wabash River 
2014 - 2016 
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